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The thesis entitled "Phytochemical and synthetic studies on terpenoids from Barringtonia racemosa & Excoecaria agallocha" comprises five chapters. The results of phytochemical investigation of terpenoids from the Indian medicinal mangrove plants Barringtonia racemosa & Excoecaria agallocha besides synthetic approach towards the first total synthesis of ribenone from cyclohexadione and methyl vinyl ketone were incorporated in four chapters. Chapter I being devoted to brief introduction on the genera of Barringtonia and Excoecaria. The isolation and structural elucidation of the secondary metabolites of two species Barringtonia racemosa, Excoecaria agallocha were described in Chapters II, III respectively. Synthetic approach towards the first total synthesis of ribenone was reported in Chapter IV.
Chapter I: Review on Barringtonia and Excoecaria Genera
The first chapter deals with the short review on secondary metabolites such as diterpenoids, triterpenoids and their glycosides etc., isolated from different species of Barringtonia and Excoecaria genera and their biological activities.
Chapter II: Phytochemical Investigation of Fruits of Barringtonia racemosa 
The second chapter describes the isolation and characterization of 4 compounds designated as A, B, C and D besides stigmasterol from the methanolic extract of the fruits of Barringtonia racemosa. Compounds C and D were identified as barringtogenol C and bartogenic acid respectively. Compounds A and B were two new isomeric acylated oleanane-type triterpenoids named as racemosol A and isoracemosol A respectively.
    Compound A is a new acylated oleanane-type triterpenoid with a molecular formula of C37H60O8 (m/z 655.4157 [M++Na]). Its IR spectrum showed absorption bands for olefinic (1648 cm-1), hydroxyl (3426 cm-1) and ester (1738, 1709, 1243 cm-1) functionalities. The 1H NMR spectrum revealed the presence of signals for seven tertiary methyl groups resonating between δ 0.92 to 1.86, one trisubstituted olefinic proton at          δ 5.62 (1H, t, J = 3.4 Hz), one terminal methyl triplet [δ 0.92 (3H, t, J = 7.4 Hz, H-4′)] and one secondary methyl doublet at δ 1.26 (3H, d, J = 6.9 Hz, H-5′) attributed to a          2-methylbutanoyl (MB), an acetyl at δ 1.87 (3H, s) and a characteristic downfield double doublet at δ 3.47 (J3ax, 2ax= 10.2 Hz, J3ax, 2eq= 5.4 Hz) attributable to an oxymethine proton. The presence of two pairs of doublets at δ 4.26 (1H, d,  J = 4.3 Hz, Hβ-15), 4.48 (1H, br s, Hβ-16), 4.93 (1H, d, J = 9.8 Hz, Hα-21) and 5.91 (1H, d, J = 9.8 Hz, Hβ-22) in the 1H NMR spectrum of compound A led to the placement of these four oxygenated carbons at C-15, C-16, C-21 and C-22. The 13C NMR spectrum of compound A showed resonances for 37 carbon atoms, whose substitution pattern was revealed from its DEPT and HSQC experiments as ten methyls, eight methylenes, ten methines and nine quaternary carbons. It showed two carbonyls at δ176.0, 170.9, trisubstituted olefinic carbons at δ 143.2, 125.6, five oxymethine carbons at δ 67.4, 72.5, 76.1, 77.6, 77.9 and one oxymethylene group at δ 67.0. Alkaline hydrolysis of compound A yielded            R1-barrigenol (E). In HMBC experiment of compound A, the ester carbonyl signal at             δ 170.9 gave a cross peak with the methine proton (H-22) at δ 5.91, confirmed the acetyl group at C-22. Therefore, the 2-methylbutanoyl group should be linked to C-28. Further analysis of HMBC data was used to place the position of a hydroxyl group at C-3. The important 1H-1H COSY connectivities were between H-3 and H-2, H-15 and H-16, H-21 and H-22. The NOESY spectrum showed the cross peaks between H-21 (δ 4.93) and             H-29 (δ 1.33) as well as between H-22 (δ 5.91) and H-30 (δ 1.41), H-28 (δ 4.25, 4.08) suggested that  H-21 and  H-22 are α- and β- axial, respectively. The structure of compound A was thus, elucidated as 22α-acetoxy-3β, 15α, 16α, 21β-tetrahydroxy-28-          -(2-methylbutanoyl) olean-12-ene, named as racemosol A.
Compound B is also a new acylated oleanane-type triterpenoid with a molecular formula C37H60O8 by the HRESIMS ion at m/z 655.4224 [M++ Na]. From its spectral characteristics, it was found to be isomeric to racemosol A and thus designated as isoracemosol A. Its IR spectrum exhibited strong hydroxyl (3445 cm-1), ester (1743, 1708, 1238 cm-1) and trisubstituted olefinic (1646 cm-1) absorptions, which were similar to those of racemosol A. On acetylation, compound B gave a triacetate (F), C43H66O8, which still showed IR hydroxyl absorption at 3486 cm-1, in addition to acetate absorption (1739, 1238 cm-1) indicating the presence of three acylable hydroxyl groups and a hindered secondary or tertiary hydroxyl group. It's 1H NMR spectrum in C5D5N resembling very close to that of racemosol A revealed the presence of signals for seven tertiary methyl groups, a trisubstituted olefinic proton, a terminal methyl triplet and a secondary methyl doublet. Except for minor deviations in the chemical shifts of the corresponding protons in compounds B & A were indistinguishable to show their close relationship. The presence of two pairs of doublets at δ 4.22 (1H, d, J = 4.3 Hz, Hβ-15), 4.39 (1H, d, J = 4.3 Hz, Hβ-16), 6.52 (1H, d, J = 10.1 Hz, Hα-21) and 6.21 (1H, d,                  J = 10.1 Hz, Hβ-22) in 1H NMR spectrum of isoracemosol A confirmed the placement of these four oxygenated carbons at C-15, C-16, C-21 and C-22. The two acyl groups were located at C-21 and C-22 based upon the fact that in the 1H NMR spectrum of the triacetate, H-21 and H-22 showed a pair of doublets at δ 6.42 and 5.87 respectively, where as in the R1-barrigenol pentaacetate, the two pairs of doublets were shifted to               δ 5.66 (H-21) and 5.37 (H-22). The oxymethylene protons of isoracemosol A resonated at δ 3.77 (1H, d, J = 10.7 Hz), 3.49 (1H, d, J = 10.7 Hz), which were deshielded to δ 4.32 (1H, d, J = 11.3 Hz), 4.19 (1H, d, J = 11.3 Hz) in its triacetate (F). The H-16 resonance at δ 4.39 (1H, d, J= 4.3 Hz) showed that this hindered position of isoracemosol A, similar to barringtogenol C, was not acetylated. Like racemosol A, its 13C NMR spectrum also exhibited 37 carbon signals, whose multiplicities were revealed by DEPT and HSQC spectra and the chemical shift assignments were made by comparison with those of racemosol A. In HMBC experiment on compound B, the ester carbonyl signal at δ 170.9 gave a cross peak with the methine proton (H-21) at δ 6.52, confirmed the acetyl group position at C-21. Therefore, the 2-methylbutanoyl group should be linked to C-22. The relative configuration at various stereogenic centers was deduced on the basis of NOESY experiment of B. From the aforementioned data compound B was identified as                   21α-acetoxy-3β, 15α, 16α, 22α-tetrahydroxy-21β-(2-methylbutyryl) olean-12-ene. 
Chapter III: Phytochemical Investigation of Wood of Excoecaria agallocha
The third chapter narrates the isolation and characterization of 6 compounds designated as A, B, C, D, E and F from the acetone extract of wood of Excoecaria agallocha. Compounds A, C and D were identified as ribenone, n-octacosyl-E-ferulate, and ent-11α-hydroxy-3-oxo-13-epi-manoyl oxide respectively. Compounds B, E and F were three new labdane type diterpenoids and named as agallochaexcoerin B, agallochaexcoerin C and agallochaexcoerin A respectively.
Compound B is a new labdane diterpenoid with a molecular formula of C20H32O3 (m/z 355, [M+ + Cl]). Its IR spectrum showed the presence of hydroxyl (3437 cm-1), carbonyl group (1721 cm-1), mono substituted double bond (1650, 1453, 1047, 921 cm-1) and ether (1162 cm-1) functionalities. The 1H NMR spectrum of compound B revealed the presence of signals for five tertiary methyl groups resonating between δ 0.69 to 1.30, mono substituted olefinic protons at δ 5.87 (1H, dd, J =10.7, 17.3 Hz), 5.16 (1H, dd,            J = 1.5, 17.3 Hz), 4.94 (1H, dd, J = 1.5, 10.7 Hz) and one oxymethine proton at 3.88 (1H, br d, J = 1.0 Hz). The presence of an isolated methylene group α to a keto group was indicated by one proton doublets at δ 2.47 (1H, J = 12.2 Hz) and 2.10 (1H, J = 12.2 Hz). The C-18, C-19 methyls at C-4 resonances at δ 1.18 and 0.69 from those of 2-oxo manoyl oxide (δ 1.08 and 0.87), showed the presence of α-ketol system. The 13C NMR spectrum of compound B showed resonances for 20 carbon atoms, whose substitution pattern was revealed from its DEPT and HSQC experiments as five methyls, six methylenes, four methines and five quaternary carbons. It showed a carbonyl at δ 210.9, mono substituted olefinic carbons at δ 147.5, 110.6, an oxymethine carbon at δ 82.9 and two oxygenated quaternary carbons at δ 74.6, 73.5. Further the presence of α-ketol system was supported by HMBC data, where the C-2 showed correlation with Hα-1, Hβ-1 and Hα-3, oxymethine proton at C-3 showed correlation with C-2, C-4, C-18 and C-19. The important 1H-1H COSY connectivities were between H-14 and Ha-15, H-14 and Hb-15, Hα-1 and Hβ-1. The important NOESY correlations, in particular, were between H-5 and H-9, H-17 and H-20, H-14 and H-17, H-6 and H-17 established the relative stereochemistry related to epi-manoyl oxide. A comparative study of compounds B and G revealed that they have identical 1H and 13C NMR like manoyl oxide and 13-epi-manoyl oxide but differ in physical properties such as m. p., and CD. Compound B showed a negative Cotton effect at 299 nm, analogous to that of ribenone. Therefore, the absolute stereo structure of compound B has thus been fixed as ent-13-epi-8,13-epoxy-3β-hydroxy labd-14-en-2-one and named as agallochaexcoerin B.
Compound E is a new labdane diterpenoid with a molecular formula of C20H32O4 (m/z 359, [M++Na]). Its IR spectrum revealed the presence of hydroxyl (3443 cm-1), carbonyl (1716 cm-1), olefinic (1661, 1453, 1114, 919 cm-1) and ether (1160 cm-1) functionalities. On acetylation, it gave a diacetate (compound H) with molecular formula C24H36O6 (m/z 443.2407 [M+ + Na]). The IR spectrum of compound H showed acetate (νmax 1735 & 1225 cm-1) and ether (1125 cm-1) but no hydroxylic absorption suggesting that it contains two acylable hydroxyls but no free tertiary hydroxyl, which might be present as an ether. The 1H NMR spectrum of compound E revealed the presence of five tertiary methyl groups, vinyl group and an oxymethine proton at 3.91 (1H, d, J = 3.6 Hz) analogous to compound B, except for the presence of an extra signal for an oxymethine proton, at δ 4.16 (1H, td, J = 4.6, 9.4 Hz), which further deshielded to δ 5.20 (1H, m) in compound H. Its 13C NMR spectrum recorded in CDCl3 showed resonances for 20 carbon atoms, whose substitution pattern was revealed from its DEPT & HSQC spectra as five methyls, five methylenes, five methines and five quaternary carbons. It showed a carbonyl at δ 211.8, mono substituted olefinic carbons at δ 147.2, 110.2, two oxymethine carbons at δ 82.3, 64.9 and two oxygenated quaternary carbons at δ 76.5, 74.1. Comparison of the 13C NMR spectra of compounds E and B suggested that the hydroxyl group was located at C-11, based on the substitution effects at α and β positions, which was further confirmed by its HMBC spectrum. The relative stereochemistry at the chiral centers has been deduced by the 1H-1H COSY, NOESY spectra. The H-20 showed correlation with 17-H showing their cis relationship and the same did not show correlation with either H-5 or H-9 showing the overall stereochemistry between the A, B and C rings as trans-trans-trans. The CD spectrum of compound E showed a negative Cotton effect analogous to that of compound A. Therefore, the absolute stereo structure of compound E has thus been fixed as ent-13-epi-8,13-epoxy-3β,11α-dihydroxylabd-14-en-2-one, named as agallochaexcoerin C.
Compound F is a new labdane diterpenoid with a molecular formula C20H32O4 (m/z 359.2183, [M++Na]). Its IR spectrum showed absorption bands ascribable to hydroxyl (νmax 3377 cm-1), vinyl (1625, 949, 921 cm-1), carbonyl (1722, 1290 cm-1) and ether (1136 cm-1) functionalities. Its 1H NMR spectrum revealed the presence of signals for five tertiary methyl groups, mono substituted olefinic protons and an oxymethine proton at δ 4.76 (1H, t, J = 7.3 Hz). The presence of five methyls of a labdane skeleton intact suggested it might be a ring A seco derivative. The appearance of the geminal dimethyl groups H-18, H-19 deshielded at δ 1.34 and 1.27 suggested the presence of tertiary hydroxyl at C-4, i.e. a 3, 4-secolabdanoid with the possibility of C-3 carrying an acid or lactone. The 13C NMR spectrum of compound F showed resonances for 20 carbon atoms, whose substitution pattern was revealed from its DEPT & HSQC experiments as five methyls, six methylenes, four methines, and five quaternary carbons. It showed a carboxyl at δ 175.9, mono substituted olefinic carbons at δ 146.8, 110.9, two oxygenated carbons at δ 72.9, 72.1 accounting for the C-8, C-13 of 13-epi-manoyloxy structure, two more oxygen bearing carbon atoms at δ 70.9 and at δ 75.8. The location of tertiary hydroxyl at C-4 was also supported by the HMBC correlations. The carbonyl at   δ 175.9 showed HMBC correlations with H-1, H-2 and H-11supporting the presence of seven membered lactone between C-3 and C-11. The lactone was found to be secondary lactone with the oxygenated carbon resonating at δ 70.9 and the corresponding α-methine at                δ 4.76 (1H, t, J = 7.3 Hz) (coupling with H-9) and one of the vicinal protons at C-12 and probably the other proton making no coupling with a dihedral angle of 90° in a ring C quasy chair form. Based on 1H-1H COSY, NOESY correlations the relative stereochemistry was established. Compound F was considered as an ent-derivative in view of its laevo specific rotation to derive its structure as ent-13-epi-8,13-epoxy-4-hydroxy-3,4-secolabd-14-en-3,11-olide and named as agallochaexcoerin A.
Chapter IV: Synthetic Approach towards the First Total Synthesis of Ribenone
The fourth chapter deals with the synthetic approach towards first total synthesis of ribenone. The tricyclic structure of ribenone exhibits an impressive array of functionalities and stereochemistry that includes three oxygenated carbons, five stereo centers (three of which were quaternary centers and remaining two were tertiary) and an epoxy ring. We initiated our study on the synthesis of a diterpenoid namely ribenone by preparing variants of dione and bromo compound, with the hope that we would couple these two compounds through Grignard reaction. The preparation of dione proceeded via Robinson annulation of 1, 3-dione and methyl vinyl ketone. This enone was selectively protected and then alkylated using methyl iodide in presence of KOtBu & subsequent reduction followed by deprotection using Pd/C, which was further selectively protected. But the lower yields at hydrogenolysis of olefinic double bond hurdled us to proceed further.  The preparation of bromo compound was started from commercially available ethyl acetoacetate, which was reduced to diol with LAH and then selectively primary alcohol was protected with TBSCl and then oxidized secondary alcohol to ketone with PCC. The ketone was then converted into alcohol by means of Grignard reaction. 
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